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The effect of bending tank walls on the fluld of & partially filled
cylindrical tank 1s cunsidered with demping, The following inveatigation
applies the theory of Reference 3 with incorporated davping fastora fe
Physicel reazons lead to the transformstion of the theorstical formulae.
The pressure distritution, fluid force, end fluid moment due to bending
tank wells were deterrired and graphed. For low and very hirh frequencles,
the damping is of ninor importance. Near the resonances, tia dscming is
of strom: influence.

The obtained results will be incorporated into the bending flutter
analyais,

So far, in the bendine flutter snalysis, the mass of ‘he prerellints
has bean assumed as maas-points distrituted along the missile uxis,
fevever, the energy disaipated in the oscillating liquld mov cause o
considerabls increase in the effective structural durrmir o tls missile,
thus perritting greater freedor in the lu=out of thr eloctricel control
system. At low frequencies ("firat sloshing mede®}, the 'ending of the
missile may change the charucter of the oscillation asficicntl to moke
the incorporation of the miasils bendiing in the (nwatication of theae

frequencies wvery desirable.
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IIX. DNfTRODUCTION:
The exact scdution of fluig
bending walle vas solved in Refe

and non-viscous).

antisl squaticn for special bows
bas singuiarities at tha natural
.of interest very close to esach ¢
be applied arowd these singules

by introducing demping terss in

solution of the {deal fluid case

sideretions for infinite damping

formulae of Reference 3.
™.
To introduce the dawping fa

ve have to consider some physiea

" formation of the forwulss. For
be the formulse from Reference 3
has to tend to csrtain values gi
Since in the flutter analy:
Hatribution, fluld forcs and f1

will only be derived from Refers

pressurs distribution 1s:

Peans = 40 0s @ {m‘»

+

The salution

motions in a cylisdrical tank dus to
rence 3 for 1desl rluid (incompressible
was found by saiving the Poisson-Differ-
ydary conditions. The rusult, howvever,
frequanciss which are for the frequancy
ther. Therefors, the solution cannot
rities. An approximction {e obtained
the rescnance form of the thsoreticel
a8 wone in Reference 2. Fayeical con-

lead to traneformation of the original

TRUSSURE DISTRIBUTION, FLUID FORCE AND FLUID MOMENT:

letor {n the different values of Referencs 1,
\L reasons which vill lead us %o the trans-
jodamping, the transformed formulse has to

, while for infiuite damping, the formulse
ven below.

{s e zre only interested in the preassure
uld moment, the values for these expressions

nce 3(4la). It {e seen that tho wall
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tbe rluid force (¥3)

g ot o b
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and the momant refarred to the undlaturoed position of the ceptar of gravity
1e: (50
- mw‘c“"t{ _gx.(/)dl. ¢’ Szx.(z)dz i x (-h) -
. e —) n b Anh
L a. 2 4( ~dnhy b X o}
-t ] - +e Lol = e
zqu:,[ A..( A, h ah )e A ( wb heh )

+ =0 Lo HL)) L6 -
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where
T L L -
I, - 5)(:(2)1“"’11 -
[’11: - I[""‘jw.'(z)[“dz]iz (501
[.Iih - H_E l!x."(z)e"“dz_]dl &
ES
e, - ﬁ‘““lsxn"u)e""‘dz]dz 0
Zh
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kS

Considering nov an infintte dewplng of the fluld, the force o the tank
wall length a2 1s {inertis force) -
An(z)dz = - dm¥ = exa'es toaayettda
(6a




the total force 1s then

.
- 21wt |
o Mg (et @

This is the first ters in formuls (2). The force finally can be

wetten as:
e mate'et i#_{"-it}d‘ = "Z_l -
by Sl n;-[u;)p.uj
The frwssure dtstribution 1s:
Pl = §2"%0 sp{m» etz) -mz:[a R

2. K
zxu;.‘:“-’;{«tl)‘ua% {1~ MI’)]L(""} ~bge @
The moment of the fluld vith infinite desping g = 2o
compoes of two parts:
(a) moment dus to fnertis
(b) moment dus to rotation.
The moment around the undistur ed center of gravity of s disc (Bee

¥ig. 1), due to inertia is:
q.(zydz (— +z)
which 18 integrated

wmet Lt ‘““‘J(hﬂ)
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The momsnt due tc the Totation of the diac ist
-16 (I 1 moment of inertia)
The sngle of rotation of the dec
o= oev e xine™
Since the alice is chosen very thin, the moment cf inertis of 1t 181
1. .4;;; '
with dm az the mass of the slices
dm = rra.‘/dz
and integrated, the total moment du to votation of the dises 181
smetet 2L [xlnde = mote’™ & xn) - Xut02]
The morwn® ar-ad o undisturbed center of gravity for infinite

damping 1s thent

Ny.or e [ /(-ioz)x (2rdep & [Rul-h) - e (o)]} O]

mm:nt due to mement due to
inertia rotation

The firat two terms appear in formula (3). The moment, with darping,
around the undisturted position is then:

vl mu'e'“'{f_/h;.(xldz . fA;x,tz)dz . —[x( -h) - x(0)]
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™aa, Aadb,

- values ere takeo for a motion of ihe tank bottom
parallel to the x-direction and are (Commere 38a, b) in Refermuce 3)

(=3 § )\ ke
by et = )] b“'— — (1)
l«) Loth{bnh} ‘!: - +|? 2~ g : :

to1 ™M
e T ST [

h_ o (s.),,
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—————————(' Yoisibe " w'kalo)e h_
2wt wsh(Ah)e f e 1) '_,)

(1)
~ b (h} + -‘i xc'l h) + V¢ L— -] - -

..]'_“"""" +b]*l gl [b _.1+L““‘7"[5-v{1}

Y. APPLICATION:

We chocse novw a tanx vith the lsngth H and & radius a

f1lled to the height h Wvith flwd (as {n Refcrence 3). The tank
bottos and tank top are Zixed and ere not moving, Whils the tank wall

oecillates in a parsbalic shape.

The equstdon x,(2) of ths bending tank well 1o

0(2)-——4{ ()&-— - L,‘;":‘)}

.
Xol-h)20  xelg)= ARea(M_h)
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Furthermore

x.(z)-—i’i'[_'z.— 2.——-—]
X-(*')""q%[l,h-——— :

Jh)s 12
e

1
xe(2)< xole) = Xo(~1) « —-m ;
| Kl 1s the maximm dieplecement at the Lemk wall.
Ko ic n pure numver { ¥, & [)
Determinatior. of the integrals
K-(. Yz _ 3R ~daz
,( dz £ (:‘e'
Sx. Az ix,
I, == c(etde = - 22 e
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The constants a, and b, (11a,b) are:
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wt w.
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The Fluid Porce 1s:

+ Bi[‘:‘%“‘h& - Al ) + oo = &
R (‘-h)(l:-ﬂ(_n—lq-.g_)

lLZ- = - ]

((-‘")(““ 1+19%8)
The moment referred to the undisturbed position of the ceater of grevity

of ﬂn undi stwrbed ﬂuﬂd is:
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GONCLUSTLN

The sxact aclution for fluiad moticn in a eylindriesl tank dup W

bondir, tank vells is derived in Refcrepes 3. for an 4drel (ludd

(incorrreseil 1o and ronviscouia)e The re eulls at the patural freauenciss

of ti¢ fluid in We tank ave {rrogular und cannot be uscd. Trerefore,

rovination was ot tained by dntroductp: un Srerinar damming term tn

Since the tendin, of a

an &
the resonance teyms wa rerformed in Reference 2.
risa’le ocours at hipher frequencles thun rust wrnd contre’ disturtmces,
Hnp arplitude Toa of the first rodi @y be of

tayned for

and since the raxirum ben
ricr of a srall translaticnal amplitude, the values ©
.rp tank walls w111 'a of the rajmitude

the o

Muid oselllations due to ber 4
of tiose for ripid tank wnl_ls. 1t ie therefore irprcs=itle to neclect
them in all casco.

1t can tr seen from the previous Tiri ular thut the :nfluenre of the
raximmn bending displacement X.a of the tark wall is lirear.

The atsolute Fressure
_Peau tHE
Kajoe ce g
i rrurhed in Fiz. 2, 3, and b for o fluld rel it h
For wery arsll frocurncies,

«2 and hely for differart

foresd Irequencies w and damping factors ¢o

of yore emall influence, Near the lownr T+ sONANCES

the darping ia only
and at tie resomances, of courss, the darrini ia wery Lucertant wnd thows
quite differerns results. For very iich frequencice (for wxample, f=1C cps
und mo reconcace) the dawping ic of mirer e{fect for the derping ron.o

which is of intereat for the vaually uses propellants. The resirance

Srregularity is very thern, tee., the camping is of miner influcnse o to

res 1

a vory marrow interval at the res ‘uerey.
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For ineressing sccelerstion, the fluid force an momer b 4
decrsssing ss cen be meen from the previous furrulue, The liquid height
15 of considersble influence on the fluid force ind moment s sh.own in
Fig. § and 6, For small forced frequencies, the damping pleys a minor
part. Near resonance, of course, the dsmminy coefficient ¢ is of strong
influence on *le flnid forces snd mowents. For forced frequencies
smaller then the first resonance, but close to 1, the rluid force
drcrespes at 8 certain fluld heicht. For small darping, the decresse is
stronser. or s csrtain fluid heisht neur the raximum bending diapluce~
rent, the rluld force part due to sloshing is grest, vhile tor iigher
13qui? haights, this force is eraller due to smaller wall displacerents.
The sdditionsl force due to inertis of the a’ditional fluid rart is not
grest encu h to overcome the difference £ the sloshing forces for the
two different heights. For hipher damping, the slosk force diffsrence
ia smaller wnd is overcors by the inertis forces, which means that there
is no decrease in fluid force with ineressing fluid ledjht. ¥or a
forced frequancy which is slihtly hipher than the first rescnsnce, the

Flnja force has, for srall durring, a ronaiderstle decresse with ipere.

ing fluld hei ht and increases ajain, Higher damping shows the came
affect up to the intersection point of all curves ss mentioned for hisber
dumping below = rirst resonance, Behind the intersection point, tre
fluid foree will be greater for hipher damping, For wery hiph foresd
frequenciss, the damping in the rinje of interest is of minor irportance,
snd the force is Increasing with incressing lui~ heipht.

The rluld moment around the center of gravity of the undisturted
£1uid dve to beninp tank walls is decreasirg for increasing fluid height
from a certain fluic hei ht on for the sime reason s mentioned before
for the fluid force. For low forced frequencic:, the amnine is of less
imrartance, while nesr rescnances, $t 3 of rtronp influence. For very

hich force ! frequencies, the canping is of minor influerce.
13
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FIG.28) PHASE_ANGLE OF PRESSURE DISTRIBUTION DUE TO BENDING FANK WALLS
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FI$. 4 PRESSURE DISTRIBUTION DUE TO BENDING TANK WALLS
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